Contrast gain thus appears to be set over considerable distances in a configuration-specific fashion.
INTRODUCTION
The idea that early visual mechanisms analyze images with a bank of independent,spatiallylocal filtershas been a dominant theme in contemporary physiological, psychophysical and computational modeling studies. Neurophysiologicalstudies have described the receptive fieldsof isolated singleunits that are tuned specificallyto different spatial scales and orientation (Hubel & Wiesel, 1968; Maffei & Fiorentini, 1973; Movshon et al., 1978;  for review see De Valois & De Valois, 1990 ).These socalled "classical" receptive fields (CRF) have been mapped with bars of light or gratings and a number of different receptive field profiles have been identified based on the spatial distributionof responsivenesswithin the field.
One class of cells described by the physiologists-the simple cell-has received special attentionfrom psychophysicists and computational models. Simple cells are spatially localized, orientation-selective and consist of *The Smith-KettlewellEye Research Institute, 2232 Webster St, San
Francisco, CA 94115, U.S.A. TTowhom all correspondenceshould be addressed. elongated "on" and "off" regions that exhibit linear spatial summation. Marc61ja (1980) suggested that simple cell receptive field profiles and spatial frequency tuning curves matched those of the elementary signals developed by Gabor (1946) . For example, spatial frequency tuning curves of simple cells with a spatial bandwidth of approximatelyone octave can be fit by an appropriatelyscaled Gabor signal after Fourier transformation. The Gabor filter profile minimizes the joint uncertainty in space and spatial frequency domains. It provides an optimal combination of spatial localization and spatial frequency selectivity and is thus especially well suitedfor early pattern processing (Daugman, 1985) . Almost all psychophysical models of pattern vision utilize arrays of linear spatial filters to sample the image locally at different scales (Watson, 1982; Wilson et al., 1983; Klein & Levi, 1985 ; but see Oddo & Mingolla, 1995 for an exception).
Spatial weighting functions for perceptual filters have been derived from psychophysical methods. Spatial frequency tuning functionsobtained in masking, adaptation and sub-thresholdsummation paradigms have been inverse Fourier transformed to derive spatial weighting functions for the underlying channels (Kulikowski & 2099 King-Smith, 1973; Watson, 1982; Graham, 1989; Olzak & Thomas, 1986; Wilson, 1991) .The calculatedweighting functions consist of either even-or odd-symmetric linear filters with a large main lobe and one or more minor lobes. The derived line weighting functions are quite similar to directly measured line weighting functions (Rentschler & Fiorentini, 1974; Wilson et al., 1983) . Daugman (1984 Daugman ( , 1985 has offered a compelling critique of the one-dimensionalspatial frequency paradigm, suggesting that a series of one-dimensional measurements inadequately predicts two-dimensional filter shapes, e.g. height-to-width ratios. Moreover, Wilson (1991) has suggested that mechanism independence, an importantfeature of most early vision models, may be more a reflection of the simplicity of the visual tasks employed to derive the spatial properties of visual filters than of the filters themselves.
Recentwork in both physiologyand psychophysicshas called into questionthe local nature of spatial filteringin the visual system. Stimuli placed outside the classically definedreceptivefield can modulatethe firingpatternsof isolated singleunits (Blakemore& Tobin, 1972; Knierim & Van Essen, 1992; Maffei & Fiorentini,1976; Kitano et al., 1994; Grinvaldet aL, 1994) .In an early study, Maffei and Fiorentini (1976) found large regions outside the classical receptive field that did not elicit responsesfrom the CRF when stimulated in isolation, but which could dramatically influence the response from simple and complex cells in Area 17 of the cat when stimulated together with the CRF. Both inhibitory and facilitator regions were found that were tuned to the same spatial frequency as the CRF. Facilitation was found when the orientations in the remote regions and in the CRF were similar. Inhibition was found for a wide range of orientations.
Remote inhibition has also been observed in cat primary visual cortex by Kitano et al. (1994) . In this study, local field potentialswere recorded in response to small grating patches. The local responsefrom one patch could be modulatedby a secondpatch placed up to 10-15 deg away. Orientation-specificattenuation effects from regions outside the classical receptive field have also been found by Gnnvald et al. (1994) using voltagesensitive dye imaging in the primary visual cortex of macaques.
Psychophysically,long-rangeinteractionsin the spatial domain have been found by several studies.The apparent contrast of small test targets can be reduced by remote lateral masks (Cannon & Fullenkamp, 1991 , 1993 Chubb et al., 1989; Solomon et al., 1993) . Chubb and Colleagues (1989) experiments showed that an annulus of random texture reduces the apparent contrast of a central region. Their effect was monocular and narrowly tuned for spatial frequency.The modificationof apparent contrast was both orientation (Cannon & Fullenkamp, 1991 , 1993 ; Solomon et al., 1993) and spatial frequency specific (Cannon & Fullenkamp, 1991) .
More recently, long-range excitatory and inhibitory interactionshave been found psychophysically (Polat & Sagi, 1993 , 1994a ,b, 1995 . The visibility of a small, foveally viewed Gabor patch was either enhanced or suppressed by laterally placed Gabor patches of similar orientation and spatial frequency. The sign of the effect, enhancement or suppression, depended on target and flank separation and on the relative orientation of the target and its flanks. Maximal threshold enhancement occurred for co-oriented, collinear targets that were separatedby severalwavelengthsof the spatial frequency of the Gabor patches. Facilitator effects occurred over distances as large as several degrees at low spatial frequencies. Assuming that filter size is about two wavelengths (e.g. Watson et al., 1983), suppression had a much shorter spatial range and, presumably,was due to interactionsfrom nearby filters (Zenger & Sagi, 1996) . We have adaptedthe psychophysicallateral interaction paradigm of Polat and Sagi to make it suitable for VEP recording. We focused only on long-range interactions between non-overlapping test-mask combinations. The amplitude and phase of the steady-state VEP elicited by small Gabor patches were measured as functions of stimulus contrast with and without laterally placed patches of similar or differentorientations.The existence of non-linearlateral interactionwas inferredfrom failures in the linearity of test and flank response-summation. Long-rangefacilitationoccurredfor co-orientedcollinear targets, but suppression was observed with non-cooriented stimuli of the same spatial frequency and separation.
METHODS

Observers
Twelve observers with normal or corrected-to-normal vision in both eyes participated in these experiments. Eight out of the 12 observers were unpracticed and the others had participated in earlier versions of this experiment.The experimentalprocedureswere explained to the observers prior to participation in the experiment and each observer provided written informed consent. Fig. l(e) ]. The flank response was also measured separately. In Experiment 3, we repeated the procedure described above for three vertical configurations with different co-oriented test and masks. Re- sponses were compared with vertical test and masks (collinear configuration) and for 45 deg (oblique) and horizontal test and masks. In all experiments,the Gabor patcheswere presented in the center of a 13.8 x 10.4 deg field set to the mean luminance of the patches. Each conditionconsistedof 10trials (10 sec each), in which the test contrast, test-flank or flank-flank distance, spatial frequency and orientationwere kept constant.Conditions were presented in random order. A small, 2 min arc fixation point, presented at the center of the screen, indicated the target location. When ready, the observers pushed a mouse key to start the trial. Observers were instructed to maintain fixation and to avoid eye movements.
VEP recording and signal processing
The EEG was sampled at 397 Hz from a cruciform array of five electrodes centered at 0= and spaced by 3 cm. The amplitudeand phase of the VEP at the firstfour harmonicsof the stimulusfrequency were extracted by a recursive least-squares adaptive filter (Tang & Norcia, 1993) . The T~tiCstatistic of Victor and Mast (1991) was used for significance testing and for setting confidence limitson the responseparametersfor individualdata sets. The T2i,c test was used also within each subject to select the channel with the highest level of statistical significance aggregated across conditions. Test-alone and flank-alone VEPS were summed vectorially and compared to the measured response to test-plus-flank together. The recording channel with the highest statisticalreliabilitywas selected for the group averages.
RESULTS
The VEP response to the small Gabor targets was dominated by the first harmonic in most observers. Second harmonic components were recordable in some observers, but third and fourth harmonic components were only seen at high contrasts and only in some of the observers. The first harmonic component was therefore selected for firther analysis. indicative an increasing phase lag with respect to the stimulus (slower response) while a clockwise rotation is indicative of a phase lead or faster response. The test response was the same for both predictions but the collinear and orthogonalmasks produced slightly different responses in this case. In the absence of neural interaction, the combined response should equal the predicted summation of test and flank responses. The
Long-range facilitation and suppression
measures response in the collinear configuration was larger than the linear prediction and was phase advanced with respect to the prediction [faster, Fig. 2(A) ]. In the orthogonalcondition,the measured responsewas smaller than predicted and was phase-laggedwith respect to the prediction [slower, Fig. 2(B) ]. orthogonal [ Fig. 3(B) ] conditions. The symbols are the same as for Fig. 2 ; the error bars indicatethe z 1 standard error of the vector mean amplitude. In the collinear case [ Fig. 2(A) ], responseamplitudewas larger than predicted at 8-30% contrast and was not different than predicted at 4% contrast. Response phase lead was found for all contrast levels [ Fig. 2(A) bottom panel]. In the orthogonal configuration,the response was less than the prediction for all contrasts and was phase-lagged for 4 and 8'%oand phase advanced for 16 and 30$Z0. Mean VEP amplitude and phase for 10 observers as a function of target contrast is presented in Fig. 4 for collinear and non-collinear configurations. Prior to plotting,each observer'sresponseamplitudewas normalized to the largest amplitude recorded in their data set. Response phases were normalized relative to that of the linear prediction-that is, phase is plotted as the mean deviation of the individuals'measured phases from their own predicted phase. The error bars for amplitude and phase indicate t 1 S.E.M. for each measured parameter. Fig. 4(A) ], the measured VEP for the combination (solid curve, filled circles) was larger than the linear prediction based on the sum of the component responses (dashed line) and differed in slope. The measured phase led the predicted phase at 8 and 16Y0 contrasts.Maximal amplitudefacilitationswere found at 8 and 16%. The orthogonal configuration [ Fig. 4(B) ] produced less response than the predicted amplitude (suppression)and the responsephase was slower than the predictionat 870contrast.The amplitudesin the collinear configuration were significantly higher than in the orthogonal condition at 8 and 16Y0contrast and there was a significant relative phase lead in favor of the collinear condition at 870.
Interaction index
Another interestingaspect of the data presented in Fig.  4 is that while the isolated target response is a linearly increasing function of log contrast (cf. Campbell & Kulikowski, 1972) , the flanked-targetresponse is a nonlinear function of log contrast with different slopes for low, medium and high contrasts. At low contrasts, the amplitude increases very quickly between 4 and 8Y0 contrast,more graduallybetween 8 and 16!Z0 followed by a decrease in amplitude between 16 and 3070 contrast. The non-linear interaction effect is more apparent when plotted as the log ratio of measured-to-predicted amplitude. Prior to plotting this interaction index, each observer's response amplitude was divided by the prediction for the same configuration (collinear or orthogonal)at each contrast. The mean interactionindex for the 10 observers as a function of contrast is shown in Fig. 5 . Zero (dashed line) indicatesthat the measured and predicted VEP were the same, while positive and negative values indicate that the measured values were bigger or smaller, respectively, than the prediction. For the collinearconfiguration(filledsquares),the interaction index was maximal at 470contrast, declining to slightly below zero at 30% contrast. For the orthogonal configuration (open squares), the interaction index was below the prediction at 8 and 1670contrast. These results are consistentwith facilitationand inhibitionfor the collinear and orthogonalconfigurationrespectively.
Role of local orientation: specifici~for collinearip
The facilitation effect described above was found for conditionsin which the local orientationwithin the three Gabor patches was the same as the global orientation defined by the patches themselves. The following experiment was designed to determine if co-orientation within the Gaborpatches is a sufficientconditionfor nonlinear long-range interaction,or if the interaction occurs specifically for collinear targets. The interaction index was measured for three configurationsin which the test and flank targets had the same local orientation(vertical, oblique or horizontal),each with vertical global orientation. One of these configurations-local vertical/global vertical-resulted in a collinear target. A test-to-flank separation of six wavelengths (2 deg) and 8Y0of target contrast was used. Figure 6 plots the interaction index as a function of local orientationfor six obsemers. Error bars indicate t 1 S.E.M. Maximal interaction (facilitation) was found when the triplet conjoined vertical local and global orientations (collinear configuration). The interaction index failed to reach statistical significance for either oblique or horizontal local orientations. The interaction index for the horizontalconfigurationwas more variable than the other configurations due to individual differences between the observers. Some of the observers showed facilitation for the horizontal local orientation, but none did in the oblique condition.
Range of lateral interaction
The effect of test-to-flankdistance on the strength of lateral interaction is shown in Fig. 7 . Response amplitudes from six observers were normalized to each observer'speak amplitude prior to calculating the group mean amplitudes.The error bars indicate t 1 S.E.M. A 1 deg separation of target and flank was the smallest that could be produced by the display software. A 1 deg center-to-center separation corresponded to 3.3 S.D. of the Gaussianenvelopeof the Gabor, or three wavelengths of the carrier grating. The target contrast was 8?40.
Responseamplitudewas maximal for separationsof 1 FIGURE7. The effect of test-to-flankdistanceon the strengthof lateral interaction. Response amplitudes from six observers were normalized to each observer's peak amplitudeprior to calculating the group meañ plitudes. A 1 deg separationof target and flankwas the smallest that couldbe producedby the displaysoftware.The target contrastwas 8Y0. The response for collinear configuration was higher than the orthogonalconfigurationup to 3 deg.
deg for both collinear and orthogonal flanks. Response amplitude was significantly lower for the orthogonal flanks and both functions decreased as a function of distance. The collinear configuration produced larger responsesthan the orthogonalconfigurationup to at least 3 deg of separationand by 4 deg of separation,there was no difference between the collinear and non-collinear conditions. The range of orientation specific interaction thus extendsover 9-12 1, in approximateagreementwith the psychophysicalresults of Polat and Sagi (1993) .
DISCUSSION
Stimuli of up to 3 deg eccentricityproduce orientation specificmodulationsof the amplitudeand phase of VEPs elicited by small, foveally presented Gabor patches. Response amplitudes were larger and faster with cooriented, co-axial stimuli over a range of low contrasts and were smaller and slower than, or not affected by, orthogonally oriented tests and flanks. The increases in response amplitude and speed are consistent with facilitationof the responseand the decreasesin amplitude and slowing of the response are consistent with some form of response suppression.These long-rangeinteractions appear to be specific for collinear target=little interaction was seen with co-oriented but non-collinear targets. Recently, Kovticsand Julesz (1993) and Field et al. (1993) showed that detectionof a path, consistingof a series of widely separated, non-randomlyoriented Gabor patches embedded in a backgroundof randomly oriented Gabor patches, is dependent on the smoothness of the gradient produced by the local orientations comprising the path.
The facilitation and suppression effects observed physiologicallyin the present experiment are similar to those seen by Sagi (1993, 1994a,b) in psychophysical experiments. Both studies have found that long-range interactions depend on flank orientation and separation. The maximal range of interaction observed in the VEP was 34 deg or 9-12 wavelengths-similar to Polat and Sagi's limit of 12 wavelengths. Polat and Sagi (1994b) also found that collinear targets showed the most long-rangefacilitation. At the 2 deg (six wavelengths) separation used in the present study, Polat and Sagi (1994b) found almost no interaction for the oblique configuration (Polat & Sagi, 1994b ; Fig. 2 ). Moreover, their data showed that the variability between observers was greater for the horizontalconfiguration[see their Fig. 3(a) ], as was seen in the present study.
The facilitationeffect was maximal at 49% test contrast with the collinear configuration. This contrast was slightly above the observers' contrast thresholds for the Gabor target we used and, therefore, our results were obtained near the contrast detection regime measured in the psychophysicalexperimentsof Polat and Sagi. They found facilitation for collinear configurations, but no effect for the orthogonal configuration, in good agreement with our results for low contrast. However, the present experiments extended to more suprathreshold contrasts and show that the facilitation effect decreases with increasing contrast. This phenomena may explain why the collinearmask responsewas slightlysmallerthan the orthogonal mask response. Long-range facilitation may have made the effective contrast of the collinear mask high enoughto switch the effective interactionfrom facilitation to inhibition (see additional discussion below). In addition, inhibition from the orthogonal configurationbecame apparent at intermediate (8-16%) contrasts.
Comparison with previous jield potential studies of lateral interaction
Previous human VEP studies have found lateral interactionsthat were apparently inhibitory and of much shorter range (Zemon & Ratliff, 1982 , 1984 . Lateral interactionswere observed by recording intermodulation componentsevoked by spatially adjacent stimuli driven at differenttemporalfrequencies.One form of interaction was recorded at the difference frequency. This component of the response could be abolished by introducing small gaps (c. 2 min arc) between adjacent stimulus elements and was thus of very short range. A second effect-suppression of the driven response-appearedto be of significantlylonger range, up to at least 8 min arc. The range of this latter form of interaction appears to be much shorter than that observed in the present experiments. On the other hand, Norcia and Polat (1995) have shown that these short-range interactions are maximal with near collinear configurations, similar to what we have shown in the present study.
Long-rangelateral inhibitionhas been observed in cat primary visual cortex by Kitano et al. (1994) . In this study, local field potentialswere recorded in response to high contrast, 5 deg diameter grating patches. The local responsefrom one patch could be modulatedby a second patch placed up to 10-15 deg away. Kitanoet al. used 0.5 c/deg gratingsand their 10-15 deg range of interactionis equivalentto 5-7.5 wavelengthunits. Kitano et al. (1994) were not able to place a limit on the range of interaction in cat cortex, but their range of 5-7.5 wavelengthsis not incompatible with the range observed in the present experiments.
Possible physiological basis of long-range interactions
It is difficultto explain the present pattern of resultson the basis of the linear pooling of the output of independent(linear) filters that is common to most early vision models. If, on the one hand, the individualpatches in our experiment are processed by linear spatial filter mechanismsthat are comparablein size to the individual Gabor patches, these mechanisms must not be independent, since they would be too widely separatedto interact with one another. Wilson (1991) has pointed out that most conventionalspatial vision models are not capable of predicting results from experiments with widely separated targets, since they are designed only to pool information locally. Morgan and Hotopf (1989) , Moulden (1994) and Mussap and Levi (1995) have each proposedthat extendedstimuliare processedby so-called "collector" mechanismsthat pool linearly the outputof a number of smaller filters. However, such linear collector units could not explain the non-linearspatial interactions seen in the present experiment.*
The present results are consistent either with specialized elongatednon-linearCRF mechanismsthat pool the outputs from several smaller filters in a configurationspecificfashion or with modulatorysurroundeffects that occur when stimuli are placed outside of the CRF. Elongated receptive fields are thought to be constructed from tangential intrinsic projections that extend over several millimeters within a single layer (Gilbert & Wiesel, 1979 Rockland & Lund, 1982; Luhmann et al., 1986) ,from connectionsbetween layers (Bolz & Gilbert, 1989; Gilbert& Wiesel, 1985; Schwarz & Bolz, 1991) or they may depend on feedback connectionsfrom higher areas (LeVay, 1988) .
Highly elongatedCRFShave been found in layer six of cat striate cortex. These cells exhibit length summation up to 20 deg and often have inhibitory regions on the sides (DeAngeliset al., 1994).These receptive fields are likely to have been built up from small, like-oriented receptive fields in layer five (Gilbert & Wiesel, 1985; Bolz & Gilbert, 1989; Schwarz & Bolz, 1991) . It is, of *It is also unlikely that the response to the test alone is due to linear mechanisms,since this response often, but not always, had higher (even-order) harmonics. It is, therefore, likely that there are two non-linearities involved+ne in the feed-forward pathway and another in the lateral pathway, as suggested by Victor and Conte (1991) .
course, not at all clear at this point whether this specific mechanism-the pattern of convergence of layer five cells onto layer six cells-underliesour VEP results, but a general CRF mechanismof this type may be sufficient. This particularmechanism is attractive,both because the concatenation of layer five cells occurs along the orientation axis and because the layer five cells are standard complex cells which themselves exhibit nonlinear spatial summation (Bolz & Gilbert, 1989; Schwarz & Bolz, 1991) .Poolingof non-linearsub units along their orientation axis may provide a CRF mechanism for detecting collinearity. Long-range spatial interactions may be also mediated by interactions between the CRF and its non-classical surround. Such effects are both spatial frequency and orientationselective (Maffei & Fiorentini,1976) and may even be configuration dependent. Nelson and Frost (1985) found a tendency for the response of the CRF to be,facilitated by a remotely placed co-oriented, co-axial region. Recent optical recordings from area V1 of macaque monkeys have indicated that activity from a small grating patch elicits membrane activity well beyond the CRF. Single-unit discharges were not, however, elicited in this region (Grinvald et al., 1994) . Grinvaldet al. (1994) have also shown that dye sensitive optical imaging and EEG recordings are highly correlated. It is likely,therefore,that a substratefor long-range interaction is present as early as area V1 of the primate.
Both elongated classical and non-classical receptive field mechanisms may rely on long-range intrinsic connections (Bolz & Gilbert, 1989; Gilbert & Wiesel, 1985) . As noted above, these connections tend to interconnect like-orientation columns and our interactions are strongest for iso-orientationstimuli. Mitchison and Crick (1982) noted early on that the pattern of staining of orientation columns suggested that likeorientation columns were linked. They noted that anatomical data, such as those provided by Rockland and Lund (1982) ,could not discriminatebetween specific patterns of iso-orientation connectivity, e.g. whether poolingwas specificalong the orientationaxis or whether like orientationsare pooled more generally. In superficial cortex, horizontalprojectionsdo, indeed, tend to connect cells with the same orientation specificity(Ts'o, Gilbert & Wiesel, 1986) , but a clear predominance along the orientation axis was not observed. Similarly, synchronized oscillatory interactionsbetween horizontally separated cells also tend to be largest when the cells have the same orientationpreference (Eckhorn et al., 1988; Gray et al., 1989) . Oscillatory coupling between co-oriented collinear receptive fields has been observed over distances of at least 7 mm in cat cortex (Gray et al., 1989) . Our results suggest very clearly that orientation mechanisms are pooled preferentially along the orientation axis and that the pooling occurs over considerable distances.However, the present results cannot determine whether the pooling occurs within CRF mechanisms or between the non-classicalsurround and the CRF.
Long-rangeintrinsicconnections,either as the basis of (Creutzfeldt, 1993) . In addition, Mitzdorf (1985) has found that intra-cortical afferents, in fact, providethe dominantcontributionto the surfacerecorded field potential in cat. The majority (80%) of long-range horizontal postsynaptic targets are excitatory and the rest are inhibitory (Kisv6rday et al., 1986 ; McGuire et al., 1991) and thus both long-range facilitation and suppression,such as we have observed, could be supported by this network of connections. Moreover, the functional effect of longrange intrinsicconnectionsdependson stimulusstrength. Hirsch and Gilbert(1991) stimulatedlong-rangeafferents in cortical slice preparations and noted that with low currents, the effect was excitatory, but at higher current strengths, disynaptic inhibition occurred. At higher contrasts, inhibitory interneurons may become active and the influence of long-range activity may shift from monosynaptic excitation to inhibition. Alternatively, inhibitory long-range connections as well as local intrinsic circuits may become active at higher contrast levels. The stimulus strength dependency of synaptic activity found by Hirsch and Gilbert (1991) suggeststhat long-range suppression should be observed at high contrasts, even with co-oriented targets, a pattern that has been observed experimentally in a number of different contexts (e.g. Cannon and Fullenkamp, 1991; Chubb et al., 1989; Grinvald et al., 1994; Kitano et al., 1994) .
The relationshipbetween long-range intrinsic connections and our physiological results may not be a direct one. Even the longest of the documented long-range horizontal connections (6-8 mm; Gilbert & Wiesel, 1979 ; but more typically 2-3 mm; see L.eVay,1988, for a review) are probablytoo shortto accountfor facilitation that extends up to a retinotopic distance of 3 deg. If one assumesa 15 mm/deg cortical magnificationfactor in the fovea (Tootell et al., 1988) ,it is clear that single intrinsic axons are too short to span 3 deg in the cortical map. However, chaining of intrinsic connection tangentially, or across laminae, may extend the functional range of these connections. For example, lateral connectivity exists over the 2-3 mm range in layers two and three (LeVay, 1988) . These cells, in turn, project to layer five and several cells in layer five are concatenated to form long receptive fields in layer six (Bolz & Gilbert, 1989; Gilbert & Wiesel, 1985) . Thus, layer six long CRFS(or non-classical CRFS) might receive convergent visual inputs from a larger cortical area than that provided by interconnections between single cells. Alternatively, long-range facilitation might be mediated through cascade of more local connections rather than one long direct connection (Polat & Sagi, 1994b ).
SUMMARY
It is clear from the present results that regulation of contrast gain occurs in a spatially distributed fashion. Long-and short-range lateral interactions occurring between local mechanisms create a second stage of spatial integration comprising of antagonisticweighting functions with different orientation and contrast dependencies and space constants (e.g. Polat & Sagi, 1993; Zenger & Sagi, 1996) .Facilitationappearsto occur under specific conditions-at low contrast and with collinear stimulithat are spatiallyseparated.Inhibitionoccurs over a wider range of condition-it appears to be almost universal at high contrast and over short ranges. The emergence of specific patterns of convergence of orientation selective subunits during development might producemechanismsthat can integratestimulusinformation acrosswidely separatedparts of the visual field.Such mechanisms may support the grouping together of short line segments into long ones.
